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Particles and Fields
The Space Sciences Laboratory of the Lockheed Palo Alto Research
Laboratory has been conducting a detailed investigation during 1972 of
the D-, E-, and F-region ionosphere when disturbed by precipitating
energetic particles. The study, which is sponsored by the Defense
Nuclear Agency and the Office of Naval Research, involves the simul-
taneous measurement of precipitating particle fluxes during polar-cap-
absorption (PGA) and relativistic-electron-precipitation (REP) events
and the resultant radio-frequency absorption in the D-region. • Participants
in the study are J. B. Reagan, W. L. Imhof, J. R. Kilner, G. H. Nakano,
J. N. Bradbury, and R. G. Johnson. Particle fluxes of protons, electrons,
and alpha particles over a wide energy range and with high energy resolu-
tion are measured at several angles on the 1971-089A satellite which is in
an 800-km circular, polar orbit. The radio-frequency absorption is meas-
ured with an earth-reflecting-ionospheric-sounder (ERIS) aboard the same
satellite and in conjunction with ground-based partial-reflection HF
sounders, single- and multiple-frequency riometers and VLF sounders.
Correlated data on several REP events have been obtained and are under
investigation. Of particular importance are the correlated data obtained
during the large solar particle events of 3-13 August 1972 which are among
the largest ever reported in the vicinity of the earth. A detailed study
of these data are in progress.
The discovery of intense fluxes of 0 ions with energies up to 12 keV
has been reported by E. G. Shelley, R. G. Johnson, and R. D. Sharp of the
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Lockheed Palo Alto Research Laboratory. The results were obtained with
a set of three energetic-ion mass spectrometers carried on the satellite
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1971-089A. A peak flux of O.k ergs/cm -sec-steradian was observed, during
the 17-18 December 1971 magnetic storm and on occasion, the precipitating
0 fluxes exceeded the proton fluxes in the same energy range. An iono-
spheric origin for the 0 ions is inferred and similarities in spectrums
between the simultaneously measured 0 and H ions in the energy range
from 0.7 to 12 keV suggests the possibility of an ionospheric origin for
at least some of the ring current protons. The 0 ions have also been
observed during non-storm times and are generally found to be equatorward
of the trapping boundary for energetic (E > 130 keV) electrons.
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Dynamic variations in intensity and energy spectra of electrons in
the inner radiation belt have been studied by W. L. Imhof, E. E. Gaines,
and J. B. Reagan of the Lockheed Palo Alto Research Laboratory. The
energy spectra and intensities of electrons > 130 keV have been measured
since October 1971 with two 256-channel electron spectrometers on board a
low-altitude (~ 800 km) polar-orbiting earth-oriented satellite, 1971-089A.
In the inner radiation belt the energy spectra of the trapped electrons can
often be characterized as exponential in shape, with e-fold values typically
in. the range 100 to 200 keV. But during times of magnetic disturbance the
trapped fluxes in the inner belt at low altitudes may be quite variable in
time and extend to lower L values, and the energy spectra may display pro-
nounced structure such as the presence of one or more peaks. As an example,
a pronounced peak in the energy spectrum at ~ 600 keV (peak/valley «a ^,
5WHM KI 100 keV) was observed down to L *w 1.1^  during several satellite
passes on 2k November 1971. At the lower-L edge of the belt the intensities
of the peaks decreased with lifetimes of less than a day and within a few
days the peaks were no longer present in the spectra. As another example,
over an extended period of time in the range L « i.h to 1.8 repeated observa-
tions were made at low h . values of a persistent narrow peak having a strong
L-dependent (~ L ) central energy with the raw spectra displaying a maximum
peak/valley ratio of ~ 20 at L « 1.65.
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The above-mentioned particle experiments utilizing the energetic •
ion mass spectrometers and the 256-channel electron spectrometers on the
1971-089A satellite were funded by the Defense Nuclear Agency through
the Office of Naval Research. Some of the data analysis has been
supported by the Lockheed Independent Research Program.
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